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Abstract 





Multiple-input multiple-output (MIMO) systems promise high channel capacity and better reliability of communication. They are 
an important unlying technology in the current 4G/LTE to achieve higher data rates and will remain an enabling technology for 
the future 5G systems. Antenna is an important component of MIMO systems whose design requires special consideration as it 
can greatly affect the overall performance of the MIMO system. This talk will first briefly discuss the current approaches to design 
MIMO antennas that has been the focus in literature lately. The performance parameters to characterize MIMO antenna will be 
discussed. It will then focus on a new technique to design MIMO antennas with better performance in terms of correlation 
coefficient. Unlike the conventional approach where port isolation is increased to reduce correlation coefficient, the proposed 
approach adopts decorrelation of the radiation patterns of individual elements. Two approaches to design practical antennas based 
on field decorrelation will be presented. In the first technique, the MIMO antenna is designed in a low profile Fabry-Perot (FP) 
cavity configuration. A phase-gradient partially reflective surface (PRS) is used as a superstrate above the antenna elements which 
forms the FP cavity and tilt its beams to decorrelate the fields. The effectiveness of the method is demonstrated by designing 
several antennas with two and four antenna elements in different frequency bands. The technique results in more than 95% 
reduction in the correlation coefficient value, thus projecting better MIMO performance. The proposed technique can be easily 
used to design radome enclosed MIMO antennas. The second technique is again based on field decorrelation. However, a new 
approach to design an all-dielectric device based on transformation electromagnetics is used. The device when used with MIMO 
antenna tilt its beams to decorrelate the fields. The design approach and its effectiveness will be discussed. Lastly, the limitations 
of the presentation techniques and the potential of future work based on the current work will be discussed.. 


Index Terms: Multiple-input-Multiple-Output (MIMO) Antenna, Correlation Coefficient, Fabry-Perot Cavity Antenna, Partially 
Reflective Surfaces, Transformation Electromagnetics 
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Presentation Outline 


* Introduction to MIMO System 
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Introduction to MIMO System 






Multiple antennas and signal processing in a multipath 
environment 


e Exploits multipath to increase the channel capacity or 
communication reliability for the same spectrum 
* Spatial Diversity 


* The same data are transmitted and received over two or 
more antennas to enhance the reliability of 
communication. 


* Diversity Gain 
* Spatial Multiplexing 


* Distinct data streams are transmitted using multiple 
antennas to increase the channel capacity or spectral 
efficiency. 


* Channel Capacity 


Figure: Block Diagram of typical 
4x4 MIMO Antenna system 





Introduction to MIMO System 





"Any rich multipath communication 
scenario 





" [EEE 802.11n: For data rates of upto | 
600 Mbps — 


=Pivotal in achieving the required 
reliability and data rate in current 4G 
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Source: HS Markit 
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Introduction to MIMO System 





* Will play a major role in the upcoming 5G standards 


Frequency Band Use Frequency Band Use 





Low 700 MHz providing mobile Low Band 600, 800, 
bandwidth coverage over wide yoo MHz 
spectrum Are 


useful for wider coverage 
or 5G service 











a Mid Band 3.4 GHz- balanced coverage and 
Mid Band 3.4 GHz- suitable for the 3.8 GHz capacity characteristic 


3.8GHz provision of mobile 





High Band 24,28 GHz - 
High Band 26 GHz ultra-dense very high 


capacity networks 
https://www.ofcom.org.uk/_ _data/assets/pdf file/0021/97023/5G-update-08022017.pdf 
https://www.fcc.gov/5G 





Introduction to MIMO System 
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Introduction to MIMO Systems 





| N C= Nxloga (1+2 





Introduction to MIMO Systems 


= Coding and signal 
processing are key elements of 
a MIMO system 


but 


= It is the propagation 
environment and antenna 
parameters that affect system 
performance significantly 





multipath 


MIMO Antenna 





* Multiple independent radiating 
elements placed together 


* [deally, the antenna design should 





: . Feeding line 
not induce any correlation among 
the MIMO channels 
É 50 Ohm load 
o Design Goals Two-element MIMO Antenna 


* Compact Antenna 


* Adding minimum correlation 
among channels 





* S. Tebache , A. Belouchrani , F. Ghanem, and A. Mansoul, "Novel Reliable and Practical Decoupling Mechanism for Strongly Coupled Antenna Arrays," IEEE 
TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 67, NO. 9, pp. 5892 - 5899 SEPTEMBER 2019 


Performance Parameters of MIMO Antenna 


e Total Active Reflection Coefficient (TARC) 


e A single parameter to determine the resonance frequency and impedance 
bandwidth of MIMO Antennas 


* Mean Effective Gain (MEG) 
* Represents the effect of the environment on the antenna's radiation characteristics 


* Branch Power Ratio 
s Ratios between the power levels of various branches 


e Correlation Coefficient 


Correlation Coefficient 





e Describes how much the channels are independent or isolated from each other in 
wireless communication. 


* Depends on 
* Radiation patterns 
* Angle of Arrival Probability Distribution of incoming plane wave 


* Cross Polarization Ratio 
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R. G. Vaughan and J. B. Andersen, "Antenna diversity in mobile communications, ” IEEE Trans. Veh. Technol., vol. VI-36, no. 4, pp. 149—172, Nov. 1987. 


Correlation Coefficient 


"Normally, an isotropic propagation environment of balanced polarizations is 
considered. 


" Under such conditions, the correlation coefficient (p) is defined as; 


/ l Ere Es 4 Ej ES, in 





Correlation Coefficient 





¢ A simplified relationship to find CC based on the S-parameters 1s: 


111812 + S21822| 


TE Cs. 
[e = (151114 + 15,112) (1 = (IS221% + [S1213 )| 


* Enhancing the port isolation results in reduction of correlation coefficient. 


S. Blanch, J. Romeu and I. Corbella, "Exact representation of antenna system diversity performance from input parameter description," in Electronics Letters, vol. 39, no. 9, PP, 
705-707, 1 May 2003. 


MIMO Antenna in Literature 


e When a multiple antenna is implemented in a mobile terminal, the antenna elements are 
contained in a compact volume, which results in 





* Strong mutual coupling between the antenna elements 


* High pattern/spatial correlation 


e Most of the available literature on MIMO antennas focuses on isolation enhancement or 
reducing coupling between the multiple ports of a MIMO antenna. 


* Increases the radiation efficiency 


e Reduce the correlation coefficient 


¢ The isolation enhancement is achieved either by the 
* Design or Placement of the antenna elements 


* Using Decoupling Structures 





a2 


MIMO Antenna in Literature 








1GHz 1.5GHz 3GHz 6GHz 12GHz 
0.5GHz PCS ISM Sub 6GHz ———— -— 15GHz 
DCS UMTS 
DN 1.8GHz 2.9GHz DN 


0.7GHz} 0.96GHz 











0.5GHz 
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Correlation Coefficient 


* S-Parameter based equation: 


* Assumes 100 96 efficient antennas. 





* Only considers port isolation not far-field of antenna. 


* Doesn't consider propagation channel's effect. 


e Not a reliable method for calculation of CC. 


* T. Hassan, M. U. Khan, H. Attia and M. S. Sharawi, "An FSS Based Correlation Reduction Technique for MIMO Antennas," in IEEE Transactions on Antennas 
and Propagation, vol. 66, no. 9, pp. 4900-4905, Sept. 2016. 
* S. M. Mikki and Y. M. M. Antar, "On Cross Correlation in Antenna Arrays With Applications to Spatial Diversity and MIMO Systems," in IEEE Transactions on 


Antennas and Propagation, vol. 63, no. 4, pp. 1798-1810, April 2015. 
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Methods to Reduce Correlation Coefficient 





J | Eio E3 + Esp Ezo| in 
_ Q2 
= Element Design, Placement and FT 

Orientation 





Electrically large structures / Large space required Valid for two elements only 
arrays required 


* Vaughan, Rodney, Jergen Bach Andersen, and J. Bach Andersen. Channels, propagation and antennas for mobile communications. Vol. 50. IET, 2003. 25 


Field Decorrelated MIMO Antenna 


" Reduce p by decorrelating the fields / radiation patterns of 
individual MIMO elements 


"= Tilting the beams of elements in opposite directions 


" Other MIMO antenna parameters e.g. branch power ratio 
not affected 
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PRS based MIMO Antenna 


= If beams not directive, only tilting them will not be enough 
= Possible Option: Constructing a Fabry-Perot cavity 


E.: E. E: Er Ei QE E: E: 


TAMARA 


Source 


PRS 


Ground Plane 


= PRS (Partially Reflective Surface): an FSS superstrate, large |r| 
= Coherent combination of reflected waves > directive beam 


PRS based MIMO Antenna 





= Beam Tilting 


e All unit cells identical > 
Beam in boresight direction 


* Unit cells with dimensional / 


hase gradient -  Tilted OOoOOOOoOoOc 
— JD0DODODE 


Phase Gradient PRS 





e Adopt for MIMO elements to 
tlt beam in opposite 
directions 





* H. Nakano, S. Mitsui, and J. Yamauchi, “Tilted-beam high gain antenna system composed of a patch antenna and periodically 28 
arrayed loops,” IEEE Transactions on Antennas and Propagation, vol. 62, no. 6, pp. 2917-2925, 2014. 


PRS based MIMO Antenna 


= Cavity Height 


h = (Øprs + Øg) / tne 
E PRS G Ar 2 


* Conventional Height: A/2 (bpps = 11) 


e Reduced Height: à/4 (pgs = O): using an artificial magnetic 
conductor (AMC) as the PRS 


e Realized using both sides of a PCB; One layer capacitive, one layer 
inductive 


Design Examples 


9-Element MIMO Antenna 


= Rectangular Patch Elements designed for 
5.2 GHz WLAN Band 


= Substrate: RT/Duroid 5880 (e,=2.2, 
h=1.57mm) 





"L,=17.5mm, W,=22.57mm, S, = 30mm 


= Edge to Edge Separation: 7.43mm (0.13 A) 


© 2019 


Design Examples : 2-Element MIMO Antenna 


PRS Unit Cell 
































Bottom Side Dielectric Top Side 
2 Copper t 
5150 5200 5250 
Side View Reflection Magnitude 
« Substrate: Rogers RO4003C (e,=3.55, h=1.52mm) 
ë ‘ 5150 5200 5250 5300 5350 

" Wop — 10.5mm, P — 15mm (A,/2), Wax 1S varied Frequency (MHz) 

= Simulation as a periodic structure carried out in HFSS Reflection Phase 
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Design Examples : 2-Element MIMO Antenna 


PRS Design 


Values at 5.25 GHz 4 
DRITTER 
O.97 81.64 
E 7.0 0.76 5.84 
10 0.56 -65.57 
12.1 0.48 -93.92 
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N 
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pa 
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N 
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QJ 
QJ 


Am 
E 





Capacitive Bottom Layer Inductive Top Layer 
" 7x7unit cells (capacitance between (inductance of mesh grids) 
_ adjacent patches crios 
" L — 105 mm (1.84 A) J p ) pe 
Copper 





po 
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Design Examples : 2-Element MIMO Antenna 


Assembled System 


=" d=14 mm (~A/4) 


= Asymmetric system 





= Orientation of PRS: Gradient CU 
along the line on which the ground“ 
two elements lie 


© 2019 


Design Examples : 2-Element MIMO Antenna 
Fabricated Prototype 





EAS 
-0 962999 
EEE ES 
NES | Bottom Side 


Top Side 





Plastic Spacer 


Assembled System 
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Design Examples : 2-Element MIMO Antenna 


S-Parameters 








'Classical' v - PRS reflection 
coupling contribution 

















S. (dB) 








S,, / S,, (dB) 


—IH Measured S11 (w/o PRS) 
—0— Measured S11 (with PRS) 
«eW Simulated S11 (w/o PRS) 
*@-* Simulated S11 (with PRS) 
lke Measured S22 (w/o PRS) 
—O— Measured $22 (with PRS) 





—#— Measured (w/o PRS) 
—e— Measured (with PRS) 
E- Simulated (w/o PRS) 








5150 5200 5250 5300 5350 5150 5200 5250 5300 5350 
Frequency (MHZ) Frequency (MHZ) 
Reflection Coefficient Isolation 
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Design Examples : 2-Element MIMO Antenna 





Radiation Patterns 


© 2019 
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Design Examples : 2-Element MIMO Antenna 
Radiation Patterns 


—+— Measured (E1) —m— Measured (E1) 
—o— Measured (E2) —e— Measured (E2) 
-æ Simulated (E1) | Me Simulated (E1) 
«e. Simulated (E2) y i ----€--- Simulated (E2) 




















Without PRS (5.25 GHz) With PRS (5.25 GHz 
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Design Examples : 2-Element MIMO Antenna 
Radiation Patterns (contd. ) 





Radiation Parameters at 5.25 GHz 





Without PRS | With PRS 


Directivity 7.8 dB 10 dB 

Radiation , - 

Efficiency 99.5 76 91.7 76 
Gain 7.73 dB 9.17 dB 





e 


" 


D Visualization of Radiation Patten Decorrelation 
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Design Examples : 2- Element MIMO Antenna 





Correlation Coefficient 





- J& - w/o PRS (S-par exp) 
- -® - with PRS (S-par exp) 
—e— with PRS (Fields exp) 





Correlation Coefficient (p) 








5150 5200 5250 5300 5350 
Frequency (MHz) 








Correlation Coefficient at 5.25 GHz 


S-Par. Exp. | Fields Exp. 








Without PRS 0.0134 «———» 0.2575 
Different | 
With PRS 0.0339 «——— 0.0022 


99.15% reduction 
(although isolation!) 


*S. M. Mikki and Y. M. Antar, "On cross correlation in antenna arrays with applications to spatial diversity and mimo systems" IEEE TAP, 2015 


*M. SoShargawi, A. T. Hassan, and M. U. Khan, "Correlation coefficient calculations for mimo antenna systems: a comparative study" IJMWT, 2017 
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Design Examples 


4-Element MIMO Antenna 





s 4- Element MIMO Antenna designed for X-band 
= Designed on Rogers RO4003C substrate 


Parameter Value 


Width of Patch 7 mm 


Length of Patch 5.84 mm 


7 mm 


(0.231) 


Minimum Isolation -16 dB 


Total length of Board (L) 63 mm 


© 2019 


Spacing between antenna elements 





Design Examples : 4- Element MIMO Antenna 


PRS Unit Cell 


E| 


Top Side E sess 


= Dielectric 




















Bottom Side 














= Substrate: Rogers RO4003C 
(2,=3.55; h=1.52mm) : 9.5 10.0 10.5 110 9 | 10.0 

"= R-4.-8mm, P- 9 mm (0.56 A), Mens (GHz) Ma (GHz) 
Q is varied 

= Simulation as a periodic 
structure carried out in HFSS 














10.5 11.0 


Reflection Magnitude Reflection Phase 
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Design Examples : 


-Element MIMO Antenna 





PRS Design 





Values at 10 GHz 


Phase 
DET: 





0.93 
5.1 0.82 
6.0 0.67 
6.9 0.56 





= 7x7 unit cells 


60.7 
28.6 
-10.6 


-42.8 


"= L= 63mm (2.1 A) 


d L k d L k 
SR 


Top Side Bottom Side 
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Design Examples : 4- Element MIMO Antenna 


Assembled System 


= d=7.8 mm (~A/4) 
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-Element MIMO Antenna 


Design Examples : 


Fabricated Prototype 











44 


Design Examples : 4-Element MIMO Antenna 


S-Parameters and 3D Patterns 





Ta 


S-Parameters (dB) 


PAÑAL 
| Jt s 


10.5 11.0 





10.0 
Frequency (GHz) 
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Design Examples : 4-Element MIMO Antenna 


Radiation Patterns 











-12 4270 














Without PRS (10 GHz) With PRS (10 GHz) 
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Design Examples : 4-Element MIMO Antenna 
Correlation Coefficient 





Correlation Coefficient Calculation 
based on Fields Equation at 10 GHz 


Y bs pu 


e 
0.3059 0.2475 0.3045 





Recent Work 





Top PRS Ground 
e» Plane 









go o.o.o.o..o.o.o.coooooo.osooo hr 


: DR-1 
‘Zoomed View: 





ties YI i 
—Top PRS Zi 


DR-3 DRA 


Bottom PRS 





» 
LO H, 












H- DR-3 Hy DR-4 
f x Rien PRS ^D. Bottom DRA Se Bottom PRS 


(c) 





1. Gourab Das et.al. , “FSS-Based Spatially Decoupled Back-to-Back Four-Port MIMO DRA With Multidirectional Pattern Diversity," IEEE Antennas 
and Wireless Propagation Letters, vol. 18, no. 8, pp. 1552-1556, Aug 2019. 
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Recent Work 





PRS-I PRS- PRS-LI 


7 I" Group 2™ Group 3º Group 
Lig T 


1. G. Das et. al. , "Performance Improvement of Multiband MIMO Dielectric Resonator Antenna System With a Partially Reflecting Surface,’ in IEEE 
Antennas and Wireless Propagation Letters, vol. 18, no. 10, pp. 2105-2109, Oct. 2019. 














Extension of Current Work 


* The PRS based design successfully demonstrates the correlation 
coefficient reduction 


* Challenges to be addressed 
* Cavity height 
e Current design places PRS at height of A/4 above the antenna elements which limits 
the end applications for the design specially for sub-6 GHz frequency range 


¢ Bandwidth 


* 3% BW demonstrated for the designed antenna is not enough for most of the 
communication bands 


e Isolation 


. Es applied technique forms a cavity and disturbs the isolation between antenna 
elements 
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PRS Based MIMO Antenna — Reduced Cavity 
Height —. —  J—) 2. ./— J»A3  »J» 


* The height of cavity depends on the reflection phase of the PRS 
À 


À 
= — 4 N- 
h = (Opps + Oc) AT T > 


e In this work specially designed negative phased PRS is used as 
superstrate which is reducing height of FP cavity 


* To tilt the beam in opposite direction, PRS 1s also made phase gradient 
with gradual decrease in offered phase/magnitude. 
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PRS Based MIMO Antenna — Reduced Cavity 
Height —. — /— Á— .)]J 4 ./,; .- /«—-  » — 


* Non-uniform phase gradient PRS has been used for beam tilting. 


tilt Size 


2.25 GHz 3À X 3À 180? -38° Square capacitive patch on bottom 
and inductive cross on top. 





2 À /3 " 209 10 GHz 1.834 x 1.834 180° -145° Capacitive and Inductive strips. 
3 À 60º 9.5 GHz 5.7À X 5.7À 180º -70° Capacitive and Inductive strips. 
/ 6 p p 
4 A] 4 278 10 GHz 2.3À x 2.3À 180? 0º Square capacitive patch and inductive 


square rings. 


[1] B. Ratni, W. A. Merzouk, A. de Lustrac, S. Villers, G. Piau and S. N. Burokur, "Design of Phase-Modulated Metasurfaces for Beam Steering in FabryPerot Cavity Antennas," in 
IEEE Antennas and Wireless Propaga- tion Letters, vol. 16, pp. 1401-1404, 2017. 

[2] Abdel Waheb, Ourir Shah, Nawaz Burokur, Riad Yahiaoui, Andrde Lustrac, Directive metamaterial-based subwavelength resonant cavity antennas Applications for beam 
steering, Comptes Rendus Physique, June 2009, Pages 414-422. 

[3] A. Ghasemi, S. N. Burokur, A. Dhouibi and A. de Lustrac, "HighBeam Steering in FabryProt Leaky-Wave Antennas," in IEEE Antennas and Wireless Propagation Letters, vol. 
12, pp. 261-264, 2013. 

[4] F. Qin, S. Gao, C. Mao, G. We, J. Xu and J. Li, “Low-profile high gain tilted-beam Fabry-Perot antenna,” 2015 oth European Conterence on Antennas and Propagation 
(EuCAP), Lisbon, 2015, pp. 1-5. 52 


PRS Based MIMO Antenna — Reduced Cavity 
Height 





¢ Unit cell with capacitive patches and 
inductive cross. 











* Unit cell 1s realized on RO4003C 0.813mm 
thick laminate. 


* Decreasing reflection coefficient magnitude 
by changing 
length ‘P which ensures beam tilt. 

s Reflection phase remains negative in 


frequency band of interest (5-5.5 GHz) 
which ensures reduced cavity height. Unit cell with w= 2mm, p = 13mm and variable | 
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U 





PRS Based MIMO Antenna — Reduced Cavity 
Height —. — /— )])]3»  -»..—.  /»à4—  »» 

















5.20 5.25 5.30 5.35 5.40 5.45 5.50 5.20 5.25 5.30 5.35 5.40 5.45 5.50 
Frequency (GHz) Frequency (GHz) 
Reflection coefficient magnitude Reflection coefficient phase 
w.r.t different T’ w.r.t different T’ 
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PRS Based MIMO Antenna — Reduced Cavity 
Height —. —  /—  —  — à J3—- /»»  -— 


e Complete PRS is made up of 9x9 unit cells 
with total dimension (L x L) of 117 x 117 
mm (2.08 A x 2.08 A) 


* Unit cell row with highest || 1s placed 1n 
middle (R1). 


e While going towards both edges, |I | 
decreases progressively effectively tilting 
the beams of two sources in opposite E B 
directions. 











Bottom View E2 





Top and bottom view of designed PRS 


PRS Based MIMO Antenna — Reduced Cavity 
Height —. — /— )—]J^ 9. /] AA)  Á»J» 


* Two element MIMO patch antenna is 
realized on Ar880 with 1.57mm 
thickness with resonance frequency of -m3 
5.33 GHz. NES 


* PRS 1s placed at height of 5.6 mm 
(A/10) . Radiated beams of both 
elements are being tilting away in 
opposite direction thus reducing 
correlation coefficient. Complete system using PRS over MIMO patch antenna to 


decorrelate radiated fields. 







Element 2 


Ground / — 





Element 1 
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PRS Based MIMO Antenna — Reduced Cavity 


Height 


¢ Simulated Results with/without PRS placed over the radiating sources. 


—s— El (5.245) 


S11/S21 (dB) 
B 









Ed: 
\ —#— $11 Without PRS 
AA IEEE 
—o— $21 With PRS 
20 5.25 5.30 5.3 


5. 5 5.40 5.45 5.50 







Frequency (GHz) 





PRS Based MIMO Antenna — Reduced Cavity 
Height 
e For PRS RO4003C laminate 1s used with thickness of 0.813mm. 


¢ For MIMO patch antenna Ar880 laminate is used with thickness of 
1.57mm. 


* Plastic spacers of height 5.6 mm are used to place PRS over antenna. 





| ET | 
e e. 
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PRS Based MIMO Antenna — Reduced Cavity 
Height —. —  — 1 J—  .»40-  ». -— 


* Measured Results with/without PRS placed over the radiating sources. 


O 












































o -5 
De 
OW 
= «10 
O 
— = 
o = 415 
— N 
z= o» 
N oO -20 
O 
D 
—O-— Measured S11 without PRS = 
—e— Simulated S11 with PRS =— Measured S21 with PRS 
—m— Measured S11 with PRS -30 —= Simulated S21 without PRS 
— e— Simulated S21 with PRS 
-35 Srl ld O 
5.20 5.25 5.30 5.35 5.40 5.45 5.50 5.20 5.25 5.30 5.35 5.40 5.45 5.90 
Frequency (GHz) Frequency (GHz) 
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PRS Based MIMO Antenna — Reduced Cavity 
Height —. —  /— 2 1. 


—e— Measured E1 (5.365) 
— o— Simulated E1 (5.365) 


—a— Measured E1 (5.365) 
—o Simulated E1 (5.365) 
0 | = [—35- Measured E2 (5.365) 0 

















Simulated E2 (5.365) 
-10 -10 
-20 -20 
ex ay 30 270 | 
-20 20 
-10 
-10 
B |] 

180 0 

Simulated/Measured El and E2 without PRS. Simulated/Measured El and E2 with PRS. 
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PRS Based MIMO Antenna — Reduced Cavity 
Height —. — /— J.-L  Á»J.—  )-0.  » 


* Although S-parameter based 
equation shows increase in CC, 
actual CC calculated through 
radiated fields show high 
reduction. 


Correlation Coefficient (p) 





PO d d 
—a— Without PRS (Field based) 
—o— With PRS (Field based) 
—e— Without PRS (S-parameter based) 


—o— With PRS (S-parameter based) 


























Frequency (GHz) 


PRS Based MIMO Antenna — Reduced Cavity 
Height 


[A | 5.25 GHz +91º 1.84À x 1.84A x A/4 99% 
This work. 5.36 GHz +24º 2.08A x 2.08A x A/10 95% 


M H 
T| 








[A] T. Hassan, M. U. Khan, H. Attia and M. S. Sharawi, "An FSS Based Correlation Reduction Technique for MIMO Antennas," in IEEE Transactions on Antennas and 62 
Propagation, vol. 66, no. 9, pp. 4900-4905, Sept. 2016. 


Transformation Electromagnetics 


* TE is a analytical space transformation technique. 
* [tis based on form-invariance of Maxwell Equation. 


* Define a coordinate transformation Eq. such that in this 
transformed coordinate system the fields will bend in a direction 


we want. 
VS V x E=- jout. 
N V 


x H = — jweE; 


All Dielectric Based MIMO Antenna 


` Tee source 

+ ° ` 

t 

1 ; IL source Deon 
: I 

Ñ , 
Ñ , 
* , 











a + 
Real source 
Spatially Displaced Elements 

Vacuum Material 
Limitation: Placing the elements far apart 
requires a large area, which IS not Figure: Transformation Electromagnetics for Antennas With an 

e e o I R C E P 

generally available in practical antenna MEM et 
platforms. 





P. Tichit, S. N. Burokur, J. Yi and A. de Lustrac, "Transformation Electromagnetics for Antennas With an Illusion on the Radiation Pattern," in IEEE Antennas andg 4 
Wireless Propagation Letters, vol. 15, pp. 1796-1799, 2014 


All Dielectric Based MIMO Antenna 


(a) freq(1)=6 GHz Surface: Electric field, z component (V/m) 
cm 





Spatially Displaced Elements 


* Virtually increase the spacing l 
between MIMO antenna elements 
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All Dielectric Based MIMO Antenna 





= ~ ~= = 








Virtual Space 





Permittivity Profile of All-Dielectric device 





Y. I. Jianjia, S. N. Burokur, G. P. Piau, and A. de Lustrac, ““Coherent beam control with an all-dielectric transformation optics based lens," Sci. Rep., vol. 66p. 18819, 
Sep. 2016. 


All Dielectric Based MIMO Antenna 


o 
Jesion: Antenne amer 


Two Elements Identical Rectangular 
Patch based MIMO Antenna 


Frequency: 3 GHz (A = 100 mm) 


Substrate: FR4 (er=4.3, h=1.57mm) OW Dieter 


I Copper 








L = 22.8mm, W = 30.4mm, S = 40.4mm 


Edge to Edge Separation: 10mm (0.1 À) 





2-Element MIMO Antenna System 
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All Dielectric Based MIMO Antenna 
Je on: Complete Antenne ATY 


* The device is placed symmetrically above the two radiating elements such that its dielectric constant is 1 in 
the middle and increases in steps as we move on both sides along the x-axis with a maximum value of 2.8 
at the edges. 

QCTE Beam 
METE Deum Steering Device2 
* 240 (34 X 10) unit cells Steering Devicel S 100mm 






* Non-Resonating All-Dielectric 


150mm 
(10x5) 


A A A 
q? `i Substrate y 


| | | 
Ground Element 1 Element 2 


MIIMO Antenna System with All-Dielectric Device 
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All Dielectric Based MIMO Antenna 
mulation: Radiation Patterr 


Radiation Parameters at 2.98 GHz 





Without With 
Dielectric Dielectric 
Device Device 
Directivity 5.6 dB 7.1 dB 
Radiation : : 
Efficiency de 50.5 20 
Gain 2.9 dB 4.1 dB 





Tilt Angle -28 deg 54 deg 3D Visualization of Radiation Patten Decorrelation 





511(dB) 


All Dielectric Based MIMO Antenna 
nulation: S-Parame 


Frequency (MHz) 


S-Parameters without Dielectric Device 


* S21without Lens 15dB 


* S21 with Lens 19dB 





Frequency (MHz) 


S-Parameters with Dielectric Device 
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92 1(dB) 


All Dielectric Based MIMO Antenna 
Radiation Pattern 






Envelope Correlation Coefficient 





Without With 
2.98GHz Dielectric Dielectric 

Device Device 

ECC 3D Fields 0.1291 0.0229 

Ear 0.00141 0.00048 
A^ n ud S-Parameters 901417 9904940 

150 “4, | a" 310 
180 e 82% reduction in field based ECC 


Radiation Pattern of antenna with and 


without All-Dielectric Device e Isolation Increases 
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All Dielectric Based MIMO Antenna 
alidation Technology: All-Diele Vis 
* The approximate effective permittivity parameter €eff of the cell is calculated by the mixing formula 


Ceff — Cairfair * €afa 


F 






€,;, and e, are relative permittivity of air (€,;, = 1) and of the dielectric host material (e, = 2.8). f,; and 
f, are the corresponding volume fraction of the air holes and the dielectric host material. 


e By adjusting the volume fraction of the air holes via the geometrical dimensions t and r while keeping the 
periodicity p , the effective permittivity of the unit cell is engineered and e,;; values varying from 1 to 2.8 


can be obtained. 


Dielectric Host Material Unit Cell 





e 


Some Limitations 


* Method valid for isotropic environment 


e MEG for non-isotropic environment ? 


mimobit 


REMCIM 





Conclusions 


s Field Decorrelation based MIMO Antenna are shown 


* General design guideline is provided which can work for 2-element 
and 4-element MIMO Designs 


* Can be used easily with any radome enclosed antenna / systems 
* Valid for isotropic environment 
* Limited to uni-directional antennas with ground plane 
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